dardised language tests were studied in relation to neurological indices of severity of head injury. The association between aphasia and perceptual disorder and persistent temporal disorientation was also investigated.
The majority of traumatic brain injuries in civilian life are due to closed head injuries. Although closed head injury (CHI) poses a major medical problem, relatively few studies have investigated the range of residual linguistic defects. While it is commonly recognised that head-injured patients often exhibit decreased verbal productivity, aphasia is not generally regarded as one of the important sequelae of CHI. Detailed evaluation of patients with CHI by Heilman et al. (1971) disclosed that anomic aphasia was the most frequent type of linguistic impairment. The possibility that Wernicke's and Broca's aphasias occur only infrequently after CHI was suggested by the series of patients described by de Morsier (1973) . Although these studies suggest that a distinctive pattern of linguistic deficits may follow CHI, neither investigation employed quantitative analysis of findings obtained through standardised assessment. Moreover, correlation of aphasia with neurological indices of injury in the study by Heilman et al. (1971) was complicated by the widespread alcoholism in their patients. Aphasia resulting from CHI has been observed to occur frequently with concomitant higher level disturbances. Akbarova (1972) reported that aphasic disturbance in CHI was accompanied by impairment in storage of new information. We have recently found that defective short-term recognition memory for essentially nonverbal material was closely associated with linguistic defects (Levin et al., 1976) .
The present study was undertaken to characterise the pattern of aphasia after CHI in young and middleaged adults. Defective scores on quantitative, stan-dardised language tests were studied in relation to neurological indices of severity of head injury. The association between aphasia and perceptual disorder and persistent temporal disorientation was also investigated.
METHODS

SUBJECTS
Fifty patients, including four women, who had sustained blunt trauma to the head were studied. The majority of the patients had been injured in moving vehicle accidents; about one-third of the patients had sustained trauma of multiple organ systems. We employed the term CHI to denote that the primary mechanism of injury at the time of impact was one of blunt trauma, rather than a penetrating injury. Included in this group were two patients who had sustained shallow depressed right frontal and parietal skull fractures, respectively, who developed underlying intracerebral haematoma, one patient who developed a right frontal intracerebral haematoma, and one patient who developed a right frontal epidural haematoma.
Criteria for including patients in the study were an age limit of 50 years and a negative history for alcoholism and previous cerebral disease or injury. An Patients with CHI were classified into subgroups according to the severity of injury determined by serial neurological examinations. The grade of injury assigned was based upon the duration of coma and presence of neurological impairment. The term coma, as used here, was defined as a failure of the patient to exhibit vocal responses or carry out purposeful motor activity after verbal or somatic stimulation by the examiner. Stupor was defined as an uncommunicative state of the patient from which he could be aroused to vocalisation or purposeful motor activity. Transient loss of consciousness immediately after impact was not considered in assigning a grade because it was not always possible to have independent verification of brief loss of consciousness in accident victims. The criteria for grade I (n = 19) were consciousness on admission, and throughout the period of hospitalisation, and absence of neurological deficits. Grade II patients (n = 17) were comatose for not more than a single day, although they may have been stuporous for a longer interval and may have developed neurological deficits. Patients whose injury was rated as grade III (n = 14) were comatose for at least 24 hours and may have manifested specific neurological deficits. The presence of injury to the brain stem was inferred from the presence of at least one of the following signs of disturbance of oculovestibular systems: pupillary abnormalities and oculomotor palsies, not due to intraocular injury; skew deviation; markedly abnormal responses to ice water caloric stimulation of the vestibular system. It is recognised that the presence of an oculomotor palsy does not unambiguously demonstrate the presence of brain stem injury but may indicate injury to the third, fourth, or sixth cranial nerves along their course from the brain stem to the orbit. However, within the context of the study of severely head-injured patients, the authors believe that it is reasonable to use the presence of oculomotor palsies as an indicator of the occurrence of traumatic forces in the area of the brain stem. Thirty patients with diverse somatic disease without evidence or history of cerebral disease or injury served as a control group.
APHASIA EXAMINATION
The Multilingual Aphasia Examination (MAE) of Benton (1967) was the primary instrument used to assess linguistic disturbance. Expressive language was evaluated in terms of naming objects, repetition of sentences, and verbal associative fluency. Assessment of receptive language referred to both comprehension of aural language and reading comprehension. Writing was also considered. Subtests of the MAE given in the study included: (1) Visual Namingnaming pictures ofboth familiar objects-for example, piano-and details-for example, keys-with a 15 second time limit for each of 30 items; (2) Sentence Repetition-oral repetition of 14 progressively longer sentences read by the examiner; (3) Controlled Word Association-a test of verbal associative fluency wherein the patient is asked to recite as many words as possible (excluding proper nouns) beginning with a specific letter within a minute and repeated for three letters, the score corresponding to the total number of words given by the patient; (4) (Benton, 1967) and our preliminary analysis have established that age correction is unnecessary on any subtest for adults below 55 years of age. Supplementary data were available for head-injured patients given selected subtests of the Neurosensory Center Comprehensive Examination for Aphasia (Spreen and Benton, 1966) . These tests included Writing to Dictation-writing sentences dictated by the examiner, and Copyingwriting sentences presented on flash cards.
PROCEDURE
Hospitalised patients with CHI were tested after periodic monitoring of orientation to surroundings and time (Benton et al., 1964) had disclosed an absence or at least marked reduction of confusion. Despite these precautions, certain patients manifested persistent disorientation long after regaining consciousness. Scheduling difficulties precluded testing the entire samples of head-injured and control patients on the full MAE protocol. Consequently, minor variation in sample size was tolerated (Table 2) . Normative data on the MAE were available for 228 medical patients without evidence or history of brain damage who were previously studied at the University of Iowa Hospitals, Iowa City. The distributions of scores obtained on the Iowa standardisation sample were used to define a defective level of performance on each subtest of the MAE.
Temporal orientation was assessed concurrently with the aphasia examination as the former measure was felt to reflect persistent post-traumatic amnesic effects. Perceptual performance was considered on tests of facial recognition (Benton and Van Allen, 1968) , reproduction of geometric designs (Bender, 1938) , and finger localisation (Benton, 1959) .
RESULTS
The mean age and years of education for the three subgroups of head-injured patients and control patients who completed the Visual Naming Test are shown in Table 1 (days) * Based upon the patients completing the Visual Naming subtests.
There was variation in sample size on the other subtests.
Mean scores on the subtests of the MAE are given in Repetition without error of each sentence given by the examiner was awarded a point, a perfect total score being 14. Table 2 shows that inability to repeat sentences was found infrequently in both control and head-injured patients. Consonant with this impression, the proportion of the total CHI sample or of any CHI subgroup with the impaired repetition ( Figure) did not differ significantly from that of the control group (X2 = 0.18) nor were differences among the subgroups ofthe head-injured patients significant.
The score on Controlled Word Association was the total number of words produced by the patient across the three trials, adjusted for sex and education. An adjusted score of 17 or less fell below the second percentile of the Iowa normative distribution. According to this criterion, 10 head-injured patients and no control patients exhibited defective verbal-associative fluency (X2 = 5.09, p < 0.025). In comparison with the control group, impairment of verbal fluency was above expectation in the grade It (X2 = 6.75, P < 0.01) and grade III (X2 = 7.90, p <0.005) groups, whereas patients with less severe injuries were not measurably affected on this variable. As indicated by the Figure, Table 3 . It may be seen that expressive aphasia and specific anomic defect predominated in patients with CHI of mild or moderate severity as judged by duration of coma and the presence of neurological deficit. Anomic disturbance was often characterised by stereotyped descriptive statements and semantic approximations and was generally free of jargon. Table 3 indicates that both expressive and receptive deficits were more common in cases with severe CHI.
Multiple stepwise discriminant analysis was undertaken to determine the relative contribution of the aphasia tests toward a function which yielded 81 % correct classification of injury severity on the basis of test scores. Naming pictures of objects and controlled word association were the greatest contributors to the discrimination of the three groups of patients. Of the receptive language measures, the token test was the most predictive of grade of injury.
CONCOMITANT NEUROPSYCHOLOGICAL DEFICITS
Further analysis was undertaken to investigate the relationship between the presence of aphasic disorder and temporal disorientation, impairment of facial recognition, defective reproduction, and finger agnosia. In the case of serial examinations, the scores on these tests which were obtained closest in time to the aphasia examination were used. Of the 21 patients with aphasic disorder classified in Table 3 , 20 completed the protocol for temporal orientation, while 28 of the 29 non-aphasic patients were tested. Of the total group of patients with CHI tested for disorientation, 18 (38%) were defective as defined by a score below that of 97 % of a previously studied control population (Benton et al., 1964) . Eleven (55 %) of the aphasics were disoriented for time according to (Levin et al., 1975 Correlates of linguistic disturbances in headinjured patients were investigated by comparing the proportions of patients with defective scores according to the presence or absence of hemispheric deficit, signs of brain stem injury, and skull fracture. Preliminary analysis was first undertaken to exclude the possibility that patients who had defective scores on at least one of the linguistic measures were tested after a briefer injury-test interval than patients who performed above a defective level on all tests. The injury-test interval in patients who manifested impairment on at least a single test (XZ= 112 days, SD= 213) was not discrepant from the interval in patients whose language was apparently unaffected by CHI (Z=111 days, SD= 176).
As shown in Table 4 Morsier, 1973) , slow, halting, and effortful speech with agrammatism and phonemic paraphasia were not marked in our patients, nor were literal paraphasias, jargon, and circumlocutions frequently present. Although an attempt to identify patients with lateralised hemispheric injury did not demonstrate an association between linguistic defect and left hemisphere involvement, it is likely that diffuse effects of CHI were present in most patients. However, the vulnerability of naming and verbal-associative processes and comprehension of nonredundant commands suggests involvement of the temporoparietal areas. This inference is supported by previous necropsy findings (Heilman et al., 1971) in two aphasic patients with CHI which indicated that contusion of the dorsolateral surface of the temporal lobe and temporoparietal junction were the predominant features. It may be inferred that the posterior speech generating process is affected by CHI, whereas the preserved repetition suggests that connections between Wernicke's area and Broca's region are intact. An implication of our findings for routine clinical assessment of residual deficits after CHI is that sensitive measures of anomic disturbance and deficient verbal fluency should be employed. Confining the linguistic examination to a brief sample of conversational speech may obscure these subtle defects, whereas 10 minutes of testing could identify cases in which speech therapy is indicated.
Classification of patients according to severity of injury demonstrated that the risk of aphasic disturbance was significantly greater in patients with persistent coma and evidence of concomitant hemispheric and brain stem involvement. However, elucidation of the specific contribution of brain stem injury as distinct from more pervasive hemispheric injury awaits further investigation. Grade II and grade III injuries were frequently associated with anomia, dysfluent word finding, and impaired comprehension of both oral and written language. Writing to dictation was also compromised in severely injured patients. The association between severity of injury and degree of neuropsychological deficit confirms previous studies of mnemonic deficit (Brooks, 1974; Levin et al., 1976) . Although the adequacy of linguistic performance was negatively correlated with duration of coma, an extended period of unconsciousness was neither a necessary nor sufficient condition for aphasic disorder. Despite apparent preservation of speech in mildly injured patients, standardised testing revealed deficits that were frequently undetected on gross examination.
Consonant with the diffuse anatomical effects of CHI, the linguistic defects described herein might be viewed as instances of general mental impairment. Quite to the contrary, aural repetition of lengthy sentences was generally preserved in our patients. Although aphasia appeared to be associated with temporal disorientation and perceptual deficits, this trend was not confirmed by statistical analysis.
In view of the concomitant aphasic and mnemonic defects observed in patients with CHI (Akbarova, 1972) , it is tempting to infer that an impairment of verbal coding underlies both disorders and to postulate that training in imagery would improve memory. Contrary to this view, Levin et al. (1976) found that short-term recognition memory for random geometric forms was deficient in patients with severe CHI. Moreover, recognition of relatively nonverbal memoranda was unrelated to association value of the stimuli. Consequently, it is unlikely that a specific verbal coding deficit can account for the full range of neuropsychological sequelae of CHR. 
